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The Phuoc Son gold deposit area is located approximately 90 kilometres southwest of Danang, 
the capital city of central Vietnam. The deposit area occurs along the NW-SE trending Truong 
Son Fold Belt (TSFB), which extends from northern Laos to central Vietnam. The TSFB 
consists predominantly of Permian-Triassic igneous and metamorphic rocks. The Phuoc Son 
area comprises medium- to high-grade metamorphic rocks such as schist and gneiss with 
several intrusive phases. A large body of ultramafic units (i.e., metagabbro) are also exposed 
in the deposit area, as it occurs on the Phuoc Son-Tam Ky Suture Zone. The location is near 
the intersection of the regional N-S trending Po Ko and NW-SE trending Kham Duc-Tra 
Bong Faults which formed along the western and northern margins of the Kontum high-grade 
metamorphic core complex. 
 
The Bai Dat and Bai Go deposits are the two major gold occurrences in Phuoc Son and gold 
resources at the two orebodies are currently delineated to be 3.1Mt @ 6.69 g/t Au for 
approximate 670,000 ounces of gold. The deposits are hosted predominantly by carbonaceous 
schist and phyllite with minor metagabbro units, and felsic intrusive units occur typically as 
dykes/sills. A LA-ICPMS zircon U-Pb geochronological study indicated that there were two 
magmatic-metamorphic events during the Ordovician-Silurian (490–430 Ma) and Permian-
Triassic (270–220 Ma) periods at Phuoc Son and the surrounding area. Geochemical 
characteristics of the intrusive units indicate that the units are calc-alkaline with I-type affinity. 
All of the intrusive units of the Permo-Triassic period can be classified as ilmenite-series and 
one of the units (i.e., dacitic porphyry) shows a distinct adakitic signature.        
 
Gold occurs in quartz-sulphide veins at the Bai Dat and Bai Go deposits. The veins generally 
trend N-S and dip moderately to the west (30–60°). Detailed mineralogical and paragenetic 
studies indicated that the main mineralisation events of the Bai Dat and Bai Go deposits are 
divided into the early sphalerite-rich and the late galena-rich stages. Of these, the major gold 
mineralisation stage is confined to the late galena-rich stage based on mineralogy and positive 
correlation of gold and lead in assay data. Pyritisation is a distinct alteration and is 
extensively formed in the host carbonaceous schist/phyllite units at the selvage of the quartz-
sulphide veins. Gold occurs as electrums, associated with sulphide minerals including pyrite, 
pyrrhotite, sphalerite, galena and chalcopyrite. Gangue minerals such as biotite, muscovite, 




carbonate, serpentinite and sericite are also commonly associated with the sulphide minerals 
in the mineralised veins.   
 
The vein-located electrums at Bai Dat and Bai Go have fineness ranges of 500–800 and 350–
1000, respectively. The pyrite trace element analysis revealed that the pyrite minerals in the 
mineralised veins and host rocks yielded less than 10 ppm Au, indicating that no refractory 
gold occurs in the structure of the pyrite minerals. FeS contents of the vein-located sphalerite 
in the early and late mineralisation stages ranged from 5.2 to 7.2 and 12.3 to 15.2 mole %. 
The estimated pressure from the sphalerite geobarometry of the late mineralisation stage at 
Bai Dat and Bai Go yielded a range of 6.4–7.5 and 5.3–5.8 kbar.   
 
The sulphur isotope data of sulphide minerals in the mineralised veins show a well-
constrained peak between -2 to 0 and 0 to +2 ‰ for Bai Dat and Bai Go. Although these 
ranges are considered to be a typical magmatic affinity, comparisons with data from other 
deposits in Phuoc Son indicate that sulphur isotopes systematically decreased towards the Bai 
Dat-Bai Go area from the Round Hill intrusion-hosted deposit and Khe Rin skarn deposit at 
the northwestern part of the Phuoc Son area. Hence, input of sulphur sourced from the host 
rocks (i.e., carbonaceous units) into the ore fluids is most likely to explain the sulphur isotope 
data. The carbon and oxygen isotope results of the vein-located carbonate minerals show wide 
ranges from -24 to +2 and +2 to +29 ‰ respectively, and plots of the data are linearly 
connected between the marble and organic carbon fields, suggesting that carbon and oxygen 
were mainly sourced from the country rocks. The lead isotopic data of galena imply that the 
metals were mainly derived from a crustal source and are comparable to the Bong Mieu 
deposit which occurs at 70 kilometres east of Phuoc Son and is associated with the late stage 
magmatism of the TSFB (255–230 Ma).   
 
Various types of fluid inclusion were identified in the euhedral quartz crystals from the 
quartz-sulphide veins at Bai Dat and Bai Go, involving one-, two- and multi-phase inclusions. 
The carbonic two- and three-phase inclusions are the most common type. Minor daughter 
crystal-bearing inclusions are also recognised. Microthermometric analyses of the primary 
inclusions at Bai Dat and Bai Go yielded homogenisation temperatures ranging from 220 to 
>500 and 240 to >500 ºC, and salinity values from 0.5 to 45 and 0.5 to 16 NaCl wt.% equiv., 
respectively. Laser Raman Spectroscopic study detected that CO2 gas is predominant with 
considerable N2 and CH4 gasses in the main ore zones at Bai Dat and Bai Go. Daughter 
crystals such as muscovite, calcite, dolomite and graphite were found. A depth range of 3.1–
5.6 kbar was estimated using microthermometric data of the three-phase carbonic inclusions. 
The combined fluid inclusion data indicated the ore fluids at Bai Dat and Bai Go were 




composed of mixed magmatic and metamorphic fluids, and the ore fluids had reduced and 
near neutral pH. Fluid inclusion data suggest that the gold was predominantly transported by 
bisulphide complexes and precipitated due to mixing of fluids and wall rock interaction at the 
Bai Dat and Bai Go deposits.  
 
The current integrated field, geochronological, geochemical, mineralogy, paragenesis, 
isotopic and fluid inclusion data indicated that the gold mineralisation characteristics at the 
Bai Dat and Bai Go deposits share many similarities to those of the orogenic gold deposits in 
the Yilgarn Craton of Australia and intrusion-related gold deposits in Alaska. On the regional 
Phuoc Son area-scale, the deposits have characteristics similar to the Alaskan intrusion-
related gold systems (e.g., tectonic setting, recognition of intrusion and metal zonation), 
whereas they are comparable to those of the orogenic gold deposits in Yilgarn Craton on a 
local-scale (e.g., alteration phase and mechanism of gold precipitation). The Bai Dat and Bai 
Go deposits may represent the distal part of a large (>several kilometres in lateral extent) 
intrusion-related gold system, in which the intrusion centre is present at the Khe Rin-Round 
Hill area in the northwestern part of the Phuoc Son area. The host rocks at Bai Dat and Bai 
Go (i.e., carbonaceous schist/phyllite and metagabbro) are considered to have played an 
important role, both physically (i.e., fragile nature) and chemically (i.e., wall rock reaction) 
on the deposit-scale, to promote gold precipitation at these deposits. The deposits are 
constrained to have formed during the Triassic (250–200 Ma) in a deep (c.a. 15 kilometres) 
environment. It is concluded that the genesis of the gold mineralisation at the Phuoc Son 
deposit area is linked to magmatism at the waning stage of the regional metamorphism of 
TSFB during the Indochina Orogeny, which occurred as a result of the collision between the 
Indochina and South China Terranes during the Permo-Triassic period.  
 
 






                                                                                                      
 
Firstly, I would like to thank my supervisor, Professor Khin Zaw, for providing me with a 
great project and the opportunity to undertake research and fieldwork in Vietnam. Khin Zaw 
has given me motivation, advice, constructive criticism and full logistical support throughout 
my PhD program at CODES. I would also like to thank my co-supervisor, Dr Sebastien 
Meffre, for his helpful comments and for reviewing drafts of my thesis. This study was 
undertaken with financial support from Khin Zaw’s Ore Deposits of SE Asia Project Grant 
and Olympus Pacific Minerals Inc. (now Besra Gold Inc.).  
 
Secondly, I would like to thank Olympus Pacific Minerals Inc. for giving me access to my 
field areas and for providing support during my fieldwork in Vietnam. Olympus geologists 
including Rod Murfitt, Le Van Hai, Michael Banks, Ba Hung, Duc Hung, Tuong Buivan, 
Dinh and Khoa helped me to become familiar with the general geological setting in my study 
area. I also thank the local Vietnamese staff of Phuoc Son Gold Company for their help and 
assistance.   
 
I wish to express my sincere thanks to Professor Ross Large, Professor Bruce Gemmell and 
Professor Jocelyn McPhie who have coordinated my PhD program since 2009.   
 
Thank you to researchers who were willing to talk through all kinds of issues while I worked 
through this project - Hai Tran Thanh, Jacqueline Halpin, Somboon Khositanont, Clive 
Burrett, Kenzo Sanematsu, Andri Subandrio and Professor Tony Crawford - those discussions 
were extremely helpful.      
 
Many thanks go to the staff at CODES, University of Tasmania, including Sarah Gilbert, 
Simon Stephens, Alexander Cuison, Katie McGoldrick, Phil Robinson, Ian Little, Jay 
Thompson, Peter Cornish, Isabella (Izzy) von Lichtan, Mazlinfalina Mohd Zin, Christian 
McKenzie, Keith Dobson, Karen Mollross, Helen Scott, Christine Higgins, Deborah Macklin, 
Nilar Hlaing and Rose Pongratz. Thanks to Christine Cook, Keith Harris, Karsten Goemann 
and Sandrin Feig at the Central Science Laboratory for helping with analyses.    
 
My colleagues at CODES provided valuable support and encouragement during my study. I 
offer my sincere thanks to Abhisit Salam (Masoe), Chun Kit Lai, Mathew Ageneau, Lindsey 




Clark, Andrea Agangi, Teera Kamvong, Bronto Sutopo, Jeff Steadman, Charles Makoundi, 
Yungu Lim, Basril Basori, Xuan Truong Le, Wojciech Zukowski, Nick Yansen, Victor 
Galvan, Liezl Cuison, Sang Dinh, Fiona Best, Gisela Cobanas, Pedro Fonseca, Nathan Fox, 
Dan Gregory, Jian Xiang Guan, Carlos Jimenez, Martin Jutzeler, Roisin Kyne, Alexey Lygan, 
Brendan McGee, Natalie Bonnici, Chris Large, Anite Parbhakar-Fox, Richelle Pascual, 
Daniele Redi, Marc Rinne, Ralf Schaa, Selina Wu, Lejun Zhang, Quiyue Huang, Ralf Schaa, 
David Hutchison, Kian Chee Goh and Joe Knight (Ko Sit Aung).     
 
Finally, I would like to give special thanks to my family in Japan, who provided moral 
support for my studies in Hobart. I couldn’t have finished my study at CODES without their 






Chapter 1   Introduction 
1.1. Preamble…………..………………………….…………………………………………….. 
1.2. Location and access…….……………………….………...………………………………... 
1.3. Exploration and mining history……………………………..………………........................ 
1.4. Previous studies…...………………………………………….…………………………….. 
1.5. Scope of research……..…...…………………………………...……………........................ 
1.6. Methodology………………………………………………………………………………... 
     1.6.1. Field investigation…………………………………………………………………….. 
     1.6.2. Laboratory work……………………………………………………………………….. 
1.7. Thesis structure……………………………………………………………………………... 
Chapter 2   Regional Geology and Metallogenic Setting  
2.1. Introduction………………………………………………………..………………..………. 
2.2. Tectonic evolution of mainland SE Asia…………………………………...………………. 
     2.2.1. Rifting…………………………………...…………………………………………….. 
     2.2.2. Drifting………………..…………………………………………………….................. 
     2.2.3. Amalgamation….…………………………………………………………………….... 
     2.2.4. Post-amalgamation…..………………………………………………………………... 
2.3. Geological setting and ore deposits of Indochina Terrane…………….…………………… 
     2.3.1. Early Palaeozoic tectonic history and ore deposits…….…………………………..…. 
     2.3.2. Late Palaeozoic-Early Mesozoic tectonic history and ore deposits….………………. 
     2.3.3. Late Mesozoic tectonic history and ore deposits……………………………………... 
2.4. Geology and copper-gold deposits of Truong Son Fold Belt….………………………….... 
     2.4.1. Introduction……………………………..……………………………………………... 
     2.4.2. Magmatism and metamorphism of the TSFB…….………………………………….... 
     2.4.3. Cu-Au Mineral Districts of the TSFB…………………………………………………. 
          2.4.3.1. Phu Bia Cu-Au District…………………………………………………………... 
          2.4.3.2. Sepon Au-Cu District…………………………………………………………….. 
































          2.4.3.3. Central Vietnam Au District……………………………………………………. 
     2.5. Summary……………….……………………………………………………………….. 
Chapter 3   Deposit Geology, Geochronology and Geochemistry      
3.1. Introduction………..………….……………...…………………………………………….. 
3.2. Geology of the Phuoc Son area….…………………………………………………………. 
     3.2.1. Meta-volcano-sedimentary sequence..………………………………………………... 
          3.2.1.1. Schist/phyllite…...………………………………...……………………………... 
          3.2.1.2. Metabasite………….………….………………………………………………... 
          3.2.1.3. Amphibolite……………………...……..……………………………………….. 
          3.2.1.4. Marble………………….………..………………………………………………. 
          3.2.1.5. Hornfels…………….…………………………………………………………….. 
     3.2.2. Intrusive units.…………………….………………………………………………….. 
          3.2.2.1. Metagabbro………………………………………………………………………. 
          3.2.2.2. Round Hill granite………………………………………………………………... 
          3.2.2.3. Foliated dacitic porphyry..……………………………………………………….. 
          3.2.2.4. Syenite…………………….....……..…………………………………………….. 
          3.2.2.5. Granite dyke………………………………………………………….…………... 
          3.2.2.6. Khe Rin granite………………………………………………………………….. 
          3.2.2.7. Andesitic dyke…………………………………………………………………... 
          3.2.2.8. Diorite……………………………………………………………………………. 
          3.2.2.9. Dacitic porphyry…………………………………………………………………. 
     3.2.3. Gneissic rocks of Kham Duc Formation………………………………………………. 
3.3. Structure……..……………………………………………………………………………... 
     3.3.1. Introduction……………………………………………………………………………. 
     3.3.2. Faults…………….……………………………………………………………………. 
     3.3.3. Folds………………..…………………………………………………………………. 
     3.3.4. Local structural setting at Bai Dat ……………………………………………………. 
3.4. Geochronology..……………………...……………………………………………………... 
     3.4.1. Introduction…………………..………………………………………………………...      
     3.4.2. Analytical methods…………………...……………………………………………….. 


































     3.4.4. Results…………...…………………………………………………………………… 
3.5. Geochemistry…………………..…………………………………………………………... 
     3.5.1. Introduction.……...…………………………………………………………………... 
     3.5.2. Analytical methods.…...……………………………………………………………… 
     3.5.3. Geochemical results….……………………………………………………………….. 
3.6. Magnetic susceptibility….……………………..…………………………………………... 
     3.6.1. Introduction….…………..……………………………………………………………. 
     3.6.2. Analytical methods…..………………………………………………………………... 
     3.6.3. Results…………………………...…………………………………………………….. 
3.7. Discussion…………………………………………………………………………………... 
     3.7.1. Ordovician-Silurian magmatism and metamorphism………………………………….  
     3.7.2. Permian-Triassic magmatism and metamorphism…………………………….………. 
     3.7.3. Adakitic magmatism…………………………………………………………………... 
3.8. Summary……………………………………………………………………………………. 
Chapter 4 Texture, Mineralogy and Paragenesis 
4.1. Introduction………………………………………..………………………………………... 
4.2. Mineralisation and paragenesis…………………………….……………………………….. 
     4.2.1. Methods of study…….……………………………………….………………………... 
     4.2.2. Mineralisation and paragenesis of the at Bai Dat and Bai Go deposit…….……….….. 
          4.2.2.1. Pre-mineralisation regional metamorphism stage………………………………... 
          4.2.2.2. Early main mineralisation stage…………………………………………….…… 
          4.2.2.3. Late main mineralisation stage…………………………………………………. 
          4.2.2.3. Post-mineralisation stage………………………………………………………... 
     4.2.3. Alteration…………………………………………………………………………….... 
4.3. Ore minerals……………..………………………………………………………………….. 
     4.3.1. Introduction…………..………………………………………………………………... 
     4.3.2. Pyrite…………………………………………………………………………………... 
     4.3.3. Pyrrhotite……………………………………………………………………………… 
     4.3.4. Sphalerite……………………………………………………………………………... 
     4.3.5. Galena…………………………………………………………………………………. 


































     4.3.7. Electrum……………………………………………………………………………….. 
4.4. Age of mineralisation……………………………………………………………………….. 
     4.4.1. Introduction……………………………………………………………………………. 
     4.4.2. Sample preparation and methods……………………………………………………... 
     4.4.3. Age results…………………………………………………………………………….. 
4.5. Discussion…………………………………………………………………………………... 
     4.5.1. Indosinian Orogeny……….…………………………………………………………... 
     4.5.2. Timing of mineralisation...…………………………………………………………….. 
4.6. Summary……………..….………………………………………………………………….. 
Chapter 5 Mineral Chemistry 
5.1. Introduction…………………………………………………………………………………. 
5.2. Fineness of electrum………………………………………………………………………... 
     5.2.1. Introduction……………………………………………………………………………. 
     5.2.2. Analytical methods…………………………………………………………………… 
     5.2.3. Occurrence and petrology……………………………………………………………... 
     5.2.4. Results……………...………………………………………………………………….. 
5.3. Pyrite chemistry……………………………………………………………………………..           
     5.3.1. Introduction……………………..……………………………………………………... 
     5.3.2. Analytical methods..…………………………………………………………………... 
     5.3.3. Occurrence and texture of pyrites.…………………………………………………….. 
     5.3.4. Results……………………….……………………………………………………….... 
5.4. Sphalerite chemistry………………………………………………………………………... 
     5.4.1. Introduction……………………………………………………………………………. 
     5.4.2. Analytical methods……………………………………………………………………. 
     5.4.3. Sphalerite types………………………………………………………………………... 
     5.4.4. Results…………………………………………………………………………………. 
5.5. Discussion………………………….……………………………………………………….. 
     5.5.1. Chemistry of ore fluids and gold fineness values……………………………………... 
     5.5.2. Pyrite trace element chemistry.………………………………………………………... 



































Chapter 6 Stable and Radiogenic Isotopes 
6.1. Introduction…………………………………………………………………………………. 
6.2. Sulphur isotopes…………………………………………………………………………….. 
     6.2.1. Introduction……………………………………………………………………………. 
     6.2.2. Analytical methods…...……………………………………………………………….. 
     6.2.3. Results……………………...………………………………………………………….. 
6.3. Carbon and oxygen isotopes………………………………………………..……………… 
     6.3.1. Introduction……………………………………………………………………………. 
     6.3.2. Analytical methods..…………………………………………………………………... 
     6.3.3. Results……………………...………………………………………………………….. 
6.4. Lead isotopes…….………………………………………………………………….……... 
     6.4.1. Introduction….......…………………………………………………………………….. 
     6.4.2. Analytical method……………………………………………………………………... 
     6.4.3. Results…………………………………………………………………..……………... 
6.5. Discussion…………………………………………………………………………………... 
     6.5.1. Sulphur isotopes……………………………………………………………………….. 
     6.5.2. Carbon and oxygen isotopes…………………………………………………………... 
     6.5.3. Lead isotopes...………………………………………………………………………... 
6.6. Summary……………..……………………………………………………………………... 
Chapter 7 Fluid Inclusions     
7.1. Introduction…………………………………………………………………………………. 
7.2. Analytical methods………..………………………………………………………………... 
     7.2.1. Sample preparation……………………………………………………………………. 
     7.2.2. Microthermometry………….…………………………………………………………. 
     7.2.3. Laser Raman Spectroscopy……..……………………………………………………... 
     7.2.4. Depth of fluid entrapment.…………………………………………………………….. 
7.3. Fluid inclusion petrography.…………….………………………………………………….. 
7.4. Results…………………..…………………………………………………………………... 
     7.4.1. Microthermometric data….……………………………………………………………. 
     7.4.2. Laser Raman Spectroscopy…...……………………………………………………….. 



































     7.5.1. Depth of ore formation…………….…………………………………………………... 
     7.5.2. Ore fluid characteristics and source(s)……………………………………….………...  
     7.5.3. Presence of N2 and CH4 gases and comparison with other gold deposits…….  
     7.5.4. Nature of ore fluids…………………………..………………………………………... 
     7.5.5. Physico-chemical process of gold deposition…...…………………………………….. 
7.6. Summary………………………..…………………………………………………………... 
Chapter 8   Summary, Conclusions, Genetic Model and Exploration Implications 
8.1. Introduction………………………………………………………………………..………... 
8.2. Summary….……………………………………….………………………………………... 
     8.2.1. Geological and tectonic setting……………………………………………………….. 
     8.2.2. Nature of gold mineralisation..………………………………………………………..  
     8.2.3. Structural control……………………………………………………………………... 
     8.2.4. Age of mineralisation………………………………………………………………….. 
     8.2.5. Depth of ore formation……..…………………………………………………………. 
     8.2.6. Physico-chemical conditions of ore fluids…………………………………………….. 
8.3. Discussion including comparison with orogenic and intrusion-related gold deposits…….... 
     8.3.1. Regional tectonic setting…..………………………………………………………….. 
     8.3.2. Mineralisation characteristics…..……………………………………………………... 
     8.3.3. Structural control……………………………………………………………………... 
     8.3.4. Source and transport of gold..………………………………………………………... 
     8.3.5. Deposition of gold..……..……………………………………………………………. 
     8.3.6. Formation of depth………….…...…………………………………………………….. 
8.4. Genetic model…………..……...…………………………………………………………... 
     8.4.1. A large intrusion-related model……………………………………………………….. 
     8.4.2. Wall rock reaction model at Bai Dat and Bai Go……………………………………... 
8.5. Exploration implications……………………...…………………………………………….. 
8.6 Future research……………….……………………………………………………………... 
References………………………………………………………….…………………... 
   






































Appendix I: Rock catalogue 
Appendix II: Structural measurement data at Bai Dat underground 
Appendix III: Geochronological results (LA-ICPMS zircon U-Pb ages) 
Appendix IV: XRF whole-rock geochemical results 
Appendix V: Magnetic susceptibility data 
Appendix VI: Re-Os molybdenite age result 
Appendix VII: Ar-Ar geochronology 
              - I: Analytical methods 
              - II: Ar-Ar age results 
Appendix VIII: Electrum fineness results 
Appendix IX: LA-ICPMS pyrite trace element geochemical results 
              - I: Spot analyses 
              - II: line analyses for mapping (CD-ROM) 
Appendix X: Sphalerite geochemical results 
Appendix XI: Sulphur isotope results 
Appendix XII: Carbon and oxygen isotope results 
Appendix XIII: Fluid inclusion microthermometric results 
Appendix XIV: Laser Ramam Spectroscopic results 
              - I: Gaseous composition 
              - II: Daughter mineral identification 
 




      
 
           
 














Chapter 1   
Figure 1.1. Location of the Phuoc Son gold deposit area within the Indochina region ……..….. 
Figure 1.2. Location of the Phuoc Son gold deposit area in central Vietnam………...……..….. 
Figure 1.3. Geographical views of Danang and gold mining area in Phuoc Son……..…..…….. 
Figure 1.4. Location of the Bai Dat and Bai Go deposits and prospects in Phuoc Son…………. 
 
Chapter 2 
Figure 2.1. Tectonic divisions of mainland SE Asia and the surrounding region…..….... 
Figure 2.2. Reconstruction maps of the Gondwana-derived terranes……………………............ 
Figure 2.3. Tectonic divisions of the Indochina Terrane……………………….………….…..... 
Figure 2.4. Tectonic scenario for the Indochina Terrane during Cambrian-Silurian.....……........ 
Figure 2.5. Reconstruction of formation of the mineralised belts of the Indochina Terrane……. 
Figure 2.6. Distribution of volcanic-plutonic-metamorphic rocks of the Truong Son Fold Belt.. 
Figure 2.7. Geochronolgical data of the Truong Son Fold Belt………..………………………... 
Figure 2.8. Location of Cu-Au Mineral Districts of the Truong Son Fold Belt……………….... 
Figure 2.9. Simplified geology of the Phu Bia area with location of Cu-Au deposits………….. 
Figure 2.10. Simplified geology of the Sepon area with location of Cu-Au orebodies…………. 
Figure 2.11. Geological setting of Central Vietnam…………………………………………….. 
 
Chapter 3    
Figure 3.1. Simplified geological map of the Phuoc Son deposit area…………..…………….... 
Figure 3.2. Simplified geological map of the the southern end of the Phuoc Son area…...…….. 
Figure 3.3. NW-SE cross-section of the Bai Dat deposit area….…………………………...….. 
Figure 3.4. NW-SE cross-section of the Bai Go deposit area………………………………….... 
Figure 3.5. Schistose and phyllitic rock units of the Phuoc Son deposit area…………………... 
Figure 3.6. Textural characteristics of metabasite unit…………………………………………..      
































Figure 3.8. Textural characteristics of marble unit…….………………………………………... 
Figure 3.9. Textural characteristics of hornfels unit........………………………………………. 
Figure 3.10. Textural characteristics of metagabbro unit……………………………………….. 
Figure 3.11. Textural characteristics of the Round Hill granite……...…………………………. 
Figure 3.12. Textural characteristics of foliated dacitic porphyry………………………………. 
Figure 3.13. Textural characteristics of syenite…..…………………………………………….. 
Figure 3.14. Textural characteristics of the granite dyke………………………………………... 
Figure 3.15. Textural characteristics of the Khe Rin granite……………………………………. 
Figure 3.16. Textural characteristics of the andesitic dyke……………………………………... 
Figure 3.17. Textural characteristics of the diorite…….………………………………………... 
Figure 3.18. Textural characteristics of dacitic porphyry……………………………………….. 
Figure 3.19. Gneissic rocks of the Kham Duc Formation………………………………………. 
Figure 3.20. Regional structural setting of the Phuoc Son deposit area, central Vietnam………. 
Figure 3.21. Occurrence of Daksa and K7 faults zones in the southern end of Phuoc Son area... 
Figure 3.22. Plots of measured foliation and faults in the Bai Dat underground mine site……... 
Figure 3.23. Orientation data of metamorphic foliation in the host rocks and faults…….……... 
Figure 3.24. Orientation data of metamorphic foliation of the host rocks of Bai Dat…………...  
Figure 3.25. Zircon cathodoluminescence images of the igneous units from Phuoc Son…..…... 
Figure 3.26. U-Pb zircon concordia diagrams of the igneous units from the Phuoc Son……….. 
Figure 3.27. Location and distribution of the dated samples from the Phuoc Son area……….... 
Figure 3.28. Summary of geochronological data from Phuoc Son and surrounding……………. 
Figure 3.29. Bivariate plots of SiO2 versus selected major elements…………….……………... 
Figure 3.30. Bivariate plots of SiO2 versus minor elements………………………………..….. 
Figure 3.31. Chondrite-normalised REE patterns of lithological units from Phuoc Son……...... 
Figure 3.32. N-MORB normalised multi-element patterns of rock units from Phuoc Son……... 
Figure 3.33. Geochemical discrimination diagrams of the igneous units in Phuoc Son………... 
Figure 3.34. Plots of magnetic susceptibility data of the major intrusive units at Phuoc Son….. 
Figure 3.35. Geochronological framework of the Truong Son Fold Belt……………………….. 



































Chapter 4   
Figure 4.1. Nature of foliation-parallel quartz-sulphide vein at Bai Dat underground…………..   
Figure 4.2. Mineralisation stages and the paragenesis of the Bai Dat and Bai Go deposits…….. 
Figure 4.3. Characteristics of the pre-mineralisation regional metamorphism………………...... 
Figure 4.4. Characteristics of quartz-sulphide vein of the early main mineralisation stage…….. 
Figure 4.5. Characteristics of quartz-sulphide veins of the late main mineralisation stage……... 
Figure 4.6. Nature of the post-mineralisation faults observed at Bai Dat underground…….…... 
Figure 4.7. Cross-sections showing the spatial distribution of pyritisation…………………..…. 
Figure 4.8. Alteration characteristics of the Bai Dat and Bai Go deposits…….………………... 
Figure 4.9. Occurrence and textural characteristics of pyrites at Bai Dat and Bai G..………….. 
Figure 4.10. Occurrence, texture and mineral association of sulphides at Bai Dat and Bai Go.... 
Figure 4.11. Occurrence, texture and mineral association of electrums at Bai Dat and Bai Go... 
Figure 4.12. Molybdenite-bearing sample from the Round Hill deposit………………………... 
Figure 4.13. Occurrence of vein-located biotite at Bai Dat, Bai Go and Bai Chuou……………. 
Figure 4.14. Ar-Ar ages from the Phuoc deposit area, central Vietnam…….…………………... 
Figure 4.15. Summary of cooling information obtained form age data of Phuoc Son………….. 
 
Chapter 5 
Figure 5.1. Histogram of gold fineness values in electrum from Bai Dat and Bai Go………….. 
Figure 5.2. Time chart of the selected LA-ICPMS spot analysis of vein-located pyrite………... 
Figure 5.3. Range and mean values of major selected trace elements in the studied pyrites….... 
Figure 5.4. Binary plots of selected trace elements in pyrites from Bai Dat and Bai Go……….. 
Figure 5.5. LA-ICPMS pyrite maps of various elements……………………………………….. 
Figure 5.6. Binary plots of selected trace elements in the host rock-located pyrite at Bai Go...... 
Figure 5.7. Photomicrograph showing coexistence of sphalerite with pyrrhotite and pyrite..….. 
Figure 5.8. Histogram of FeS mole % values of sphalerites from Bai Dat and Bai Go…….…... 
Figure 5.9. Binary plots of calculated FeS. MnS and CdS mole % values of sphalerites………. 
Figure 5.10. A ternary plot of Fes mole % - MnS mole % X 100 – CdS mole % X 10…….…..  
Figure 5.11. Pressure determinations using FeS mole % values at Bai Dat and Bai Go………... 




































Figure 6.1. Histograms of sulphur isotope data from the Bai Dat deposit………………………. 
Figure 6.2. Histograms of sulphur isotope data from the Bai Go deposit…...………………….. 
Figure 6.3. Au assay data versus sulphur isotope values for sulphides of Bai Dat and Bai Go.... 
Figure 6.4. Carbonate-bearing ore samples from the Bai Dat and Bai Go deposits…………….. 
Figure 6.5. Histograms of calculated δ 13CPDB values of carbonates from Bai Dat and Bai Go... 
Figure 6.6. Histograms of calculated δ 18OSMOW values of carbonates from Bai Dat and Bai Go. 
Figure 6.7. Plots of carbon and oxygen isotope data from Bai Dat and Bai Go……….………... 
Figure 6.8. Galena-bearing samples from Bai Dat and Bai Go…………………………………. 
Figure 6.9. Plot of 208Pb/204Pb versus 206Pb/204Pb from galena of Bai Dat and Bai Go…..……... 
Figure 6.10. Plot of 207Pb/204Pb versus 206Pb/204Pb from galena of Bai Dat and Bai Go….……... 
Figure 6.11. Comparisons of sulphur isotope data with Au-bearing deposits and natures…….... 
Figure 6.12. Comparisons of sulphur isotope data deposits with Cu-Au deposits of TSFB……. 
Figure 6.13. Comparisons of sulphur isotope data with other gold prospects in Phuoc Son…..... 
Figure 6.14. Plots of carbon and oxygen isotope raw data with other prospects in Phuoc Son.... 
Figure 6.15. Comparison of 207Pb/204Pb versus 206Pb/204Pb with other deposits of TSFB………. 
Figure 6.16. Comparison of 207Pb/204Pb versus 206Pb/204Pb with mineralised belts in Indochina. 
 
Chapter 7         
Figure 7.1. Fluid inclusion chips prepared from vein samples of Bai Dat and Bai Go……..…... 
Figure 7.2. Cross-sections showing sampling points for fluid inclusion study…………………. 
Figure 7.3. Examples of primary fluid inclusions identified in this study………………………. 
Figure 7.4. Different types of fluid inclusions found in the samples from Bai Dat and Bai Go... 
Figure 7.5. Histograms of homogenisation temperatures of fluid inclusions…….……………... 
Figure 7.6. Histograms of salinity data of fluid inclusions at Bai Dat and Bai Go……………... 
Figure 7.7. Histograms of solid CO2 melting temperatures of fluid inclusions……………...…. 
Figure 7.8. An example of Lase Raman spectral profile of CO2-CH4-N2 gas compositions...…. 
Figure 7.9. Ternary plots of gas composition (CO2-CH4-N2) in fluid inclusions……...……….. 
Figure 7.10. Examples of daughter minerals identified by Lase Raman spectral profile……….. 


































Figure 7.12. CO2-CH4-N2 ternary plots of gas composition in comparison with other deposits.. 
Figure 7.13. Log fO2-pH diagram of Bai Dat and Bai Go ore fluids……………………...…….. 
 
Chapter 8 
Figure 8.1. Tectonic reconstruction of the Indochina Terrane during Triassic………....……… 
Figure 8.2. Intrusion-related gold model at the Phuoc Son deposit area…………………….…..  













































Chapter 1   
Table 1.1. Phuoc Son gold resources………………………………………...…….………...….. 
 
Chapter 2 
Table 2.1. Summary of gold and copper resources of the Truong Son Fold Belt …………….... 
Table 2.2. Geological characteristics of Cu-Au deposits occurring in the Phu Bia area............... 
Table 2.3. Geological characteristics of Cu-Au deposits occurring in the Sepon district……..... 
Table 2.4. Geological characteristics of Cu-Au deposits occurring in the Central Vietnam......... 
 
Chapter 3    
Table 3.1. Summary of geochronological data of the Phuoc Son area and surroundings………. 
Table 3.2. Summary of magnetic susceptibility values of intrusive units from Phuoc Son…….. 
Table 3.3. Comparison of adakites with dacitic porphyry from Bai Dat and Bai Go ……….….. 
 
Chapter 4   
Table 4.1. Summary of geochronological results of the vein-located minerals at Phuoc Son….. 
 
Chapter 5 
Table 5.1. Summary of gold fineness values in electrum from Bai Dat and Bai Go…………... 
Table 5.2. Summary of trace element concentrations in the studied pyrites……...……… 
Table 5.3. Summary of calculated chemical values of the sphlerite from Bai Dat and Bai Go.... 
 
Chapter 6 
Table 6.1. Summary of lead isotopic data from the Bai Dat and Bai Go deposits……...………. 
  
 
           
 





























Chapter 7         
Table 7.1. Summary of microthermometry of fluid inclusions from Bai Dat and Bai Go…….... 
Table 7.2. Summary of gas compositions in fluid inclusions from Bai Dat and Bai Go………. 
Table 7.3. Identified solid phase crystals in fluid inclusions from Bai Dat and Bai Go……….... 
 
Chapter 8 
Table 8.1. Comparison of Bai dat and Bai Go with orogenic and intrusion-related deposits….. 
           
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
161 
167 
169 
 
 
183 
 
 
 
 
